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(54) THERMAL ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the energy 
efficiency by flowing the hot gas of the normal pressure 
or the pressure close thereto into a turbine to achieve 
the work, exchanging the heat of the hot gas leaving the 
turbine with cooling air to drop the temperature of the 
gas, and flowing the gas into a compressor to generate 
the output. 

SOLUTION: The gas 3 of high temperature and normal 
pressure is introduced in a turbine T to achieve the 
work, and the gas 4 which completes the work and is 
discharged flows into a heat exchanger HX, and the 
temperature is dropped to the normal temperature or 
the temperature close thereto through the heat 
exchange with the cooling air. After the gas 1 whose 
temperature is dropped is fed to a compressor C to 
rotate it, the gas is discharged outside. The turbine T 
can be driven with the gas of normal pressure by 
arranging the compressor C on the downstream side of 
the turbine T, and the difference between the output of 

the turbine T and the input required by the compressor C is taken out as the engine output 
The gas to be used includes the exhaust gas from the engine and the hot gas generated in 
treatment of the refuse. 
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(54) THERMAL ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the energy efficiency 
by flowing the hot gas of the normal pressure or the pressure 
close thereto into a turbine to achieve the work, exchanging 
the heat of the hot gas leaving the turbine with cooling air to 
drop the temperature of the gas, and flowing the gas into a 
compressor to generate the output. 
SOLUTION: The gas 3 of high temperature and normal 
pressure is introduced in a turbine T to achieve the work, and 
the gas 4 which completes the work and is discharged flows 
into a heat exchanger HX, and the temperature is dropped to 
the normal temperature or the temperature close thereto 
through the heat exchange with the cooling air. After the gas 
1 whose temperature is dropped is fed to a compressor C to 
rotate it, the gas is discharged outside. The turbine T can be 
driven with the gas of normal pressure by arranging the 
compressor C on the downstream side of the turbine T, and 
the difference between the output of the turbine T and the 
input required by the compressor C is taken out as the 
engine output. The gas to be used includes the exhaust gas 
from the engine and the hot gas generated in treatment of the refuse. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim 1] Equipment characterized by making ordinary pressure or the elevated-temperature gas of the 
pressure near it flow into a turbine, carrying out heat exchange, lowering the temperature of gas behind a 
turbine outlet, making it flow into a compressor, and obtaining an output. 

[Claim 2] Equipment characterized by making the gas of ordinary temperature or the temperature near it 
flow into a turbine, carrying out heat exchange, raising the temperature of gas behind a turbine outlet, 
making it flow into a compressor, and making it operate as a refrigerator using the output of the 
equipment of claim 1, or other general power. 

[Claim 3] Equipment which inhales the gas of ordinary temperature or the temperature near it from a 
compressor, carries out heat exchange to the elevated-temperature gas of the exterior of a low consistency 
which is not high as for a pressure like exhaust heat of the engine of a vehicle, and is characterized by 
raising the temperature of internal gas, putting into a turbine, and obtaining shaft power. 



[Translation done.] 



http://www4.ipdlncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fw 3/29/2005 



CLAIMS 



[Claim(s)] 



JP,10-259758,A [DETAI^ DESCRIPTION] ^ Page 1 of 3 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 



.This document has been translated by computer. So the translation may not reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] * . J . . . 

[Industrial Application] When exhaust heat, such as a gas turbine, and a car engine, an industrial recipro 
engine or dust incineration, can be used, energy use effectiveness can be raised by using this invention. 
Moreover, this invention can be used as the refrigerator using air, i.e., an air cycle. 
[0002] . 
[Description of the Prior Art] Although it is made to flow from a compressor, and heat exchange is earned 
out, temperature is lowered and it is made to flow into a turbine when it is usually carried out through the 
steam turbine or the calorifier for obtaining power using exhaust heat of the gas which is not high as for a 
pressure and is made to operate as a refrigerator, a coefficient of performance is as low as it being difficult 
to lower temperature to ordinary temperature at a turbine inlet port conjointly. 
[0003] 

[Problem(s) to be Solved by the Invention] a pressure is not high — almost — the heat source of the 
elevated-temperature gas of ordinary pressure — using - the time - carrying out ~ a liquid - using ~ a 
steam or warm water — changing — the former — a technique -- a condenser — needing — a complicated 
system -- becoming . Or although exhaust heat recovery can be carried out in a turbine not using a liquid, 
if a direct turbine is put, for example on the exhaust port of the engine for cars, comparatively big back 
pressure will injure the engine performance of the engine of starting origin. This invention conquers these 
faults and performs efficient exhaust heat use by the easy system. On the other hand in this invention, it 
will use for the gas of the ordinary temperature instead of exhaust heat, and the coefficient of performance 
of a refrigerating cycle will be raised. 
[0004] 

[Means for Solving the Problem] Temperature T and the entropy S diagram showing the operating state of 
gas for the conceptual diagram equivalent to claim 1 of this invention in drawing JL are shown in drawing 
2 . The gas of an elevated temperature and ordinary pressure flows into Turbine T, lowers temperature to 
ordinary temperature or the temperature near it by the heat exchanger HX, flows to Compressor C, and is 
discharged by the external world. A turbine can operate by the gas of ordinary pressure, because a 
compressor is back, and the difference of the output of a turbine and the input which a compressor needs 
is taken out as engine power. What is necessary is just to use the engine of gestalten various as gas to a 
turbine, and the exhaust gas of a gas turbine. Or although it is the elevated temperature produced in refuse 
disposal, the gas which is not high as for a pressure can also be used. If the gas which has temperature T 
and the entropy S which is in the condition of 3 when drawin g 2 explains this passes a turbine, it will be 
in the condition of 4. If heat is taken by the heat exchanger, it will move to the condition of 4-1, it will 
pressurize and heat with a compressor, will be in the condition of 2, and will be discharged by the external 
world. If ordinary temperature gas flows into a turbine instead of elevated-temperature gas as stated to 
claim 2, it can operate as a refrigerator. In this case, only the part which run short from the outside needs 
to apply an input in another engine. 

[0005] Like the exhaust heat from the engine of a vehicle, by the usual method, when it is difficult to 
already carry out an energy recovery and to make it shaft power, as shown in drawing 3 , raise the 
temperature of the gas which passed along Compressor C by the heat exchanger HX, it is made to flow 
into Turbine T, and a brake horsepower is obtained using the difference of the input of a compressor, and 
the output of a turbine using the exhaust gas. This equipment PAS is equivalent to claim 3. Each 
equipment of claims 1 and 3 needs to supply a starting input from the exterior until the output of a turbine 
and a compressor and an input balance, i.e., it is idling, and it is the same as the operation procedure of a 
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general gas turbine. 
[0006] 

[Function] If the elevated-temperature gas of ordinary pressure was not conventionally changed into a 
steam or warm water, although it was not able to be used, it can carry out direct use as power only in heat 
exchange by this invention, without changing into a steam etc. When making it operate as a refrigerator, a 
turbine inlet port is ordinary temperature or the temperature near it, i.e., an OAT, and is not surely 
influenced by the engine performance of a heat exchanger at the time of an inflow. 
[0007] 

[Example] The case where the equipment TG of claim 1 by this invention is used combining a gas turbine 
is shown in drawin g 4 . In this drawing, a heat exchanger and C use as a compressor and T uses a 
combustor and HXasa turbine for B. The operating state of gas is shown in drawing_5 . Temperature is 
raised by the playback for which the air in the condition of Gl is inhaled, it is compressed into G2, and 
G2 to G5' uses the heat of exhaust gas, and even G3 becomes an elevated temperature from G5' further by 
combustion. This gas becomes the air G4 of an ordinary pressure elevated temperature by passing a 
turbine. This is anew named the condition of T3. Temperature falls in the condition of T four in the 
turbine attached to the equipment TG of claim 1 of this invention, this elevated-temperature gas - further 
- heat exchange - G6' - it is further lowered to Tl. It is used for the heat produced from T four in the 
process which goes to T6' raising the gas in a gas turbine from G2 to G5\ To Tl, it cools compulsorily 
from the outside from G6\ It is pressurized by Tl to T2 with a compressor, and is emitted to the external 
world. This cycle diagram has become, when it is in ordinary temperature in ** and a part intrercools a 
compressor with a gas turbine simple substance so that it may see by drawingj. . Such a gestalt is 
calculated thermodynamically and a result is shown in drawing 6 . An axis of ordinate expresses output 
deltaTWTG by the equipment TG of this invention with the unit of temperature in this drawing, and an 
axis of abscissa shows expansion ratio pir accompanying turbine passage of TG. the effectiveness of the 
heat exchange of TG - 1 .0 - carrying out - the effectiveness of the heat exchange in the case of the 
playback to a gas turbine ~ 0.8 and 0. - when not considering as the case where 4 and 0 changed three 
kinds and it intrercools to the compressor of TG, it divided and calculated. Effectiveness of heat exchange 
was made into the ratio of the actual amount of heat transfer and the actual amount of heat transfer in 
which max is possible here as generally known, etain drawing e is the adiabatic efficiency of a gas turbine 
and the element of TG, and that it is with 0.70 shows that all of a gas turbine, and the compressor and 
turbine of TG are operating with 70% of adiabatic efficiency, here — the adiabatic efficiency of an 
element -- two kinds -- changing - 0. - 70 and 0.75 were calculated. It became clear that an output was 
obtained from the equipment TG of this invention in any case. 

[0008] In order to use for drawing 2 the output of the equipment TG of this invention stated to claim 1, 
the case where the usual air cycle refrigerator is linked directly is shown. Temperature T and the entropy 
S diagram corresponding to this are shown in drawin g 8 . It is important, Ratio COP, i.e., the coefficient 
of performance, of the need [ of receiving refrigerating capacity in a refrigerator ] input. Two kinds (0. 70 
0.75) of adiabatic-efficiency etae of an element was changed, three kinds (0. with 8, 0.4, and no playback) 
of energy effectiveness epsilonGR(s) for the playback to a gas turbine were changed further, and drawing 
9 calculated the relation of temperature-gradient **Tc of COP, an air cycle inlet port, and an outlet based 
on the equation of thermodynamics. It receives, although an alternate long and short dash line is only an 
air cycle, and the coefficient of performance COP is improved by leaps and bounds under the condition of 
a gap. 

[0009] Temperature T and the entropy S diagram which is equivalent to drawingJjO m the conceptual 
diagram when using as a refrigerator the equipment GT of this invention stated to claim 2 are shown in 
drawing 1 1 . The air of the condition of 3 is expanded in a turbine, heat exchange of the temperature is 
carried out to the lowering exterior, and temperature is again raised from 4 to the condition of 1 . The cold 
exterior air obtained by heat exchange is applicable to air conditioning or refrigeration. Thermodynamics 
count was performed and drawing 12 and 1 3 compared a usual air cycle (AIRCYCLE) and usual TG 
about the coefficient of performance COP. Drawin g 12 compares the coefficient of performance COP to 
change of each adiabatic-efficiency etac of a compressor and a turbine, and etat (referred to as etac=etat). 
Temperature efficiency of heat exchange is set to etar=0.7. Even if the adiabatic efficiency of an element 
is bad, TG by this invention has COP larger than the conventional air cycle, from current aerodynamic 
engineering, 0.8 or more adiabatic efficiency of an element is desired neither in a small compressor nor a 
turbine - in view of things, TG is advantageous compared with an air cycle. Drawing. 13 shows the 
predominance of TG to temperature efficiency etar of a heat exchanger. In count, it considered as eta 
c=eta t = 0.75 and a pressure ratio pi= 2.0. Actually, if it takes that it is hard to think into consideration, 0.8 
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or more temperature efficiency will not change the predominance of TG, even when temperature 
efficiency is bad. 

[0010] The conceptual diagram at the time of making it operate as auxiliary power which applies the 
equipment PAS by this invention stated to claim 3 to the engine of a vehicle, and uses exhaust heat, and 
raising the economical efficiency of a car cooler is shown in drawing 14 . Although above-mentioned TG 
may be used as a refrigerator, in order to give explanation brief here, the case where the usual air cycle is 
connected is described. Although they is corresponding temperature T and entropy S diagram, drawing _15 
carries out heat exchange to hot exhaust gas, raises the temperature of the gas in PAS to P3 from P2, 
becomes after [ P4 ] turbine passage, and is discharged. The output obtained by this and an engine output 
are applied, and an air cycle is operated. It is drawing 16 which was displayed by performing 
thermodynamics count to such a system. In this drawing, ECOP is a newly defined economical coefficient 
of performance. Although the coefficient of performance COP is generally defined by the ratio of 
refrigerating capacity and an input required for it, since in now energy which is called exhaust gas and 
which becomes useless is used if it remains as it is, let what deducted the output produced by PAS from 
the input required for refrigeration, and asked for the coefficient of performance be the economical 
coefficient of performance ECOP. That is, it means investigating a coefficient of performance from an 
economical standpoint physically unlike strict COP. By a diagram, etaPc and etaTc are the compressor of 
PAS, and the adiabatic efficiency of a turbine. etaCc and etaCt are similarly taken as the compressor of an 
air cycle, and the adiabatic efficiency of a turbine. deltaTc is taken as the temperature reduction by the air 
cycle. When PAS is used seen from this drawing, it turns out that the economical coefficient of 
performance of an air cycle is raised. 

[001 1] The example which applied the equipment TG of this invention to the waste disposal plant is 
shown in (Rawing 17 . In this case, auxiliary power Motor is needed instead of a gas turbine or an engine. 
[0012] The example which applied the equipment TG of this invention to the incinerator, and was 
interlocked with the steam turbine is shown in drawin g 18 . Pump shows a pump and Con shows a 
condenser in this drawing. Exhaust heat use is made into a three-stage from two conventional steps, and 
the bottom puts [ temperature ] into a boiler in the state of **** to some extent with the equipment TG of 
this invention, using the part of the maximum temperature of a system first. Since corrosion took place 
influenced by the ingredient when it put into the boiler at the elevated temperature conventionally, it 
cooled with water etc. and temperature had been lowered specially. 

[0013] When the equipment PAS of claim 3 is used for an incinerator instead of the equipment TG of this 

invention of claim 1, ** is shown in drawin g 19 R> 9. 

[0014] 

[Effect of the Invention] With the equipment TG of claim 2 of this invention, since gas is made to flow 
into a turbine previously, generally 100% of effectiveness of the difficult heat exchange of 
implementation is always guaranteed at the time of an inflow. Moreover, since there is a temperature 
reduction of about 100 to 150 degrees in a turbine at the time of elevated-temperature gas, the material 
selection of the heat exchanger which continues after that becomes advantageous. With the equation of 
thermodynamics, since it is calculated in the form of a pressure ratio, when a ratio is the same, since there 
are few absolute values of differential pressure, the direction of negative pressure becomes advantageous 
structurally. 

[001 5] Drawing 7 and the effectiveness which the coefficient of performance COP of an air cycle 
increased with the equipment TG of this invention by 8 and 9 are described below. When work of W is 
required, generally COP=Q/W is defined as acquiring the refrigerating capacity of Q. If the equipment of 
this invention is attached, as shown in drawing 8 , with a cycle diagram, it would come to have 
intrercooled and the effectiveness E of a gas turbine simple substance will rise to Et. Therefore, COP=Q/ 
(W-G (Et-E)) 

COP improves from ****** G is taken as the heating value which input gas has by the upper formula, 
supposing it uses it for driving only a refrigerator without a gas turbine's generating electricity - the ratio 
of refrigerating capacity and an input - QE/W is improved by QEt/W and only G (Et-E) can save the 
heating value of gas. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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